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METHOD AND DEVICE FOR THE FAILSAFE MONITORING 
OF THE ROTATIONAL MOVEMENT OF A SHAFT 

CROSS-REFERENCES TO RELATED APPLICATIONS 

This application is a continuation of copending interna- 
tional patent application PCT/EP02/01747 filed on February 19, 
2002 designating the U.S., which PCT application is published 
in German language and claims priority from German patent ap- 
plication DE 101 12 230.6, filed on March 8, 2001. 

BACKGROUND OF THE INVENTION 

The present invention generally relates to a method and 
device for the failsafe monitoring of the rotational movement 
of a shaft. 

More specifically, the invention relates to a method for 
the failsafe monitoring of the rotational movement of a shaft, 
comprising the steps of: 

generating a characteristic pulse train with a number of 
pulses following one another at successive times, the time 
interval of which is dependent on the rotational movement of 
the shaft, 

determining a monitoring time period, 

monitoring whether an expected pulse of the pulse train 
occurs within the monitoring time period, and 
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generating a control signal if the expected pulse does not 
occur within the monitoring time period. 

The invention further relates to a device for the failsafe 
monitoring of the rotational movement of a shaft, having a 
first part for picking up a characteristic pulse train with a 
number of pulses following one by another at successive times, 
the time interval of which is dependent on the rotational move- 
ment of the shaft, having a second part for determining a moni- 
toring time period, having a third part for monitoring whether 
an expected pulse of the pulse train occurs within the monitor- 
ing time period, and having a fourth part for generating a 
control signal when the expected pulse does not occur within 
the monitoring time period. 

Even more specifically, the invention relates to the fail- 
safe monitoring of the connecting member between a rotational 
shaft of a press and a cam-operated switchgroup used for opera- 
tional control of the press, which is sometimes called shear 
pin monitoring. However, the invention should not be restricted 
just to this specific application. On the other hand, it re- 
lates only to the failsafe monitoring of rotational movement. 
"Failsafe" means in this connection that the corresponding 
devices and equipment conform at least to category 3 of Euro- 
pean Standard EN 954-1 or criteria generally recognized as 
being comparable. 

The operation of a mechanical press is generally con- 
trolled by means of what is known as a cam-operated switch- 
group. Such a switchgroup generates a number of successive 
pulses, the time interval of which is dependent on the rota- 
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tional movement of the controlled or monitored shaft. The cam- 
operated switchgroup is connected to the shaft by a connecting 
member either directly via a transmission or indirectly via a 
chain or a toothed belt. In the case of a mechanical press, 
which is a source of considerable risk to the operating person- 
nel during operation, the pulses of the cam-operated switch- 
group must undergo failsafe monitoring to ensure that the press 
is operating properly. If the pulses do not occur, an immedi- 
ate, failsafe shutdown of the press takes place, since other- 
wise an uncontrolled and consequently dangerous state exists. 

The monitoring of the pulse train and the shutdown of the 
press take place with a failsafe monitoring device or a fail- 
safe programmable controller in the af oremenLioned senbe . This 
is because, on account of the safety-critical use, the devices 
have to meet especially high requirements in terms of their 
intrinsic failsafe nature. They are only authorized for safety- 
critical use by the responsible supervisory authorities, for 
example the employers' liability insurance associations, if 
conformity with the standards and criteria is completely veri- 
fied. 

For these reasons, previously known monitoring devices are 
of a relatively simple construction. They exclusively operate 
with selectable but predefined monitoring time periods. In the 
case of presses with a variable number of strokes, however, 
this leads to the problem that the monitoring time period must 
be set to the smallest number of strokes occurring and conse- 
quently to the slowest rotational movement of the shaft. Other- 
wise, small numbers of strokes give rise to false alarms, which 
lead to unnecessary and expensive downtimes. Greater numbers of 
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strokes, however, produce relatively long reaction times when 
shutting down, which is disadvantageous in an emergency situa- 
tion . 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to im- 
prove a method and a device of the type stated at the beginning 
in order to achieve, with reasonable expenditure, still greater 
safety for the operating personnel involved. 

According to one aspect of the invention, this and other 
objects are achieved by a method of the type stated at the 
beginning in which the monitoring time period is repeatedly 
adapted to the time interval of the pulses during the monitor- 
ing. According to another aspect, the object is achieved by a 
device in which the second part is configured to repeatedly 
adapt the monitoring time period to the time interval of the 
pulses during the monitoring. 

In contrast to previously known monitoring devices, the 
monitoring of the pulse train now takes place for the first 
time in an adaptive manner with regard to the current operating 
parameters of the monitored machine. The time basis of the 
monitoring is respectively adapted to the current rotational 
speed of the shaft. As a consequence, the non-occurrence of an 
expected pulse is detected with the smallest delay time, irre- 
spective of the current rotational speed of the shaft and con- 
sequently irrespective of a number of strokes of the press. The 
monitoring device can therefore react to a critical failure in 
a shorter time and shut down the monitored machine, such as for 
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example a press. The shortened reaction times mean greater 
safety for the operating personnel involved. 

In addition, the previously required manual setting of the 
monitoring time period on the monitoring device is no longer 
required. As a result, errors caused by human failure are 
avoided, which further increases the safety for the operating 
personnel involved. As a side effect, the installation expendi- 
ture or set-up expenditure before the press is put into opera- 
tion is also reduced. 

In a refinement of the invention, the monitoring time pe- 
riod is determined as a function of the time interval of two 
pulse edges. 

As an alternative to this, it would also be possible to 
determine the monitoring time period as a function of an in- 
stantaneous frequency of the pulse train, for instance. The 
aforementioned measure can be realized more simply and with 
quicker in operation. This permits further minimization of the 
reaction times when shutting down a machine. 

In a further refinement, the monitoring time period is de- 
termined as a function of directly successive pulse edges. 

This measure permits especially rapid adaptation of the 
monitoring time period to any change of the rotational movement 
of the monitored shaft. Consequently, the reaction times of the 
monitoring device can be minimized still further. 
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In a further refinement, the monitoring time period is 
newly determined for each expected pulse. 

On the basis of this measure, the monitoring time period 
is optimally adapted to the rotational movement of the moni- 
tored shaft in each case. As a consequence of this, false 
alarms are avoided very reliably in spite of smallest possible 
monitoring time periods. 

In a further refinement, the occurrence of each pulse edge 
of the expected pulse is monitored during the monitoring step. 

In this refinement of the invention, the system does not 
wait for the occurrence of a complete pulse, but instead al- 
ready monitors the occurrence of each individual pulse edge of 
the pulse. The occurrence of a complete pulse is virtually 
doubled-checked . This permits a still more rapid reaction time 
and consequently contributes once again to an optimization of 
safety. 

It goes without saying that the features mentioned above 
and still to be explained below can be used not only in the 
combination respectively indicated but also in other combina- 
tions or on their own without departing from the scope of the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWING 

Exemplary embodiments of the invention are explained in 
more detail in the description which follows and are repre- 
sented in the drawing, in which: 
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Figure 1 shows a schematic representation of a device 
according to the invention for shear pin monitoring in the case 
of an eccentric press, and 

Figure 2 shows a representation of the time relationships 
during the monitoring of the characteristic pulse train. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

In Figure 1, a device according to the invention is desig- 
nated overall by reference numeral 10. 

The device 10 serves for the failsafe monitoring of the 
operating sequence of an eccentric press 12, which is only 
schematically represented here by way of example. Other types 
of presses might also be envisaged. The press 12 has an eccen- 
tric 14, which is arranged on a shaft 16. By means of the 
shaft/eccentric combination, what is known as a tappet 18 is 
moved in the direction of an arrow 20. In its lowered position, 
the tappet 18 interacts with a generally fixed press bed 22, in 
order to bring a workpiece into a desired form. The construc- 
tion of such a press is known per se and is therefore not pre- 
sented any further here. 

In the exemplary embodiment shown, shaft 16 of press 12 is 
connected to a cam-operated switchgroup 2 6 by means of a chain 
24. As an alternative to chain 24, a toothed belt or a trans- 
mission could also be used. Such an arrangement and correspond- 
ing cam-operated switchgroups for controlling presses are like- 
wise sufficiently known. 
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In dependence on the rotational movement of shaft 16, the 
cam-operated switchgroup 26 generates a pulse train 28, which 
is fed in a way known per se to a control unit 30 for control- 
ling the press 12. The control unit 30 is, for example, a pro- 
grammable logic controller. 

The pulse train 28 is fed furthermore to the device 10 ac- 
cording to the invention, in order to permit the failsafe moni- 
toring and emergency shutdown of press 12. In this respect it 
should be mentioned here that the pulse train 28 is only repre- 
sented schematically. In practice, it may also comprise a num- 
ber of different pulse trains, which are differently evaluated 
by device 10 and control unit 30. 

The device 10 comprises a first part 32 for picking up the 
pulse train 2 8 generated by the cam-operated switchgroup 26. 
For example, it is the I/O card of a failsafe programmable 
logic controller, as sold by the applicant of the present in- 
vention. 

The picked-up pulse train 28 is fed to a second part 34, 
which determine a monitoring time period in the way discussed 
below. With the aid of a third part 36, it is subsequently 
checked whether a next, expected pulse of the pulse train 28 
occurs within the specific monitoring time period. If the ex- 
pected pulse does not occur within the monitoring time period, 
a fourth part 38 generates a control signal 40, which, if ap- 
propriate, brings about a failsafe shutdown of the press 12. 

According to a preferred exemplary embodiment of the in- 
vention, the second, third and fourth parts 34, 36, 38 are 



9 



realized as software modules on a failsafe programmable logic 
controller, as sold by the applicant of the present invention 
under the trademark "PSS" . The programmable controller may in 
this case also comprise the control unit 30. As an alternative, 
the parts 32 - 34 may, however, be implemented in a special, 
independent monitoring device for shear pin monitoring. 

The mode of operation of the device 10 is evident from the 
following representation of the time relationships in Figure 2 . 
In this figure, same reference numerals designate the same 
elements as in Figure 1. 

In Figure 2, the time relationship between the pulse train 
zb and the control signal 40 is represented. At the moment in 
time t 1# the first part 32 detect a first pulse edge 50 of the 
pulse train 28. This pulse edge triggers a time measurement, 
which determines the time interval 5 2 up to the occurrence of 
the next pulse edge 54. The second part 34 subsequently deter- 
mine a first monitoring time period 5 8 from the time interval 
52 plus a tolerance time 56. The device 10 also detects with 
the second pulse edge 54 that a pulse train 28 exists. The 
control signal 40 is therefore switched on at the moment in 
time t 2 . The press 12 can then be put into operation. 

The third part 36 monitor whether a next (expected) pulse 
edge 60 occurs within the first monitoring time period 58. If 
this is the case, as represented in Figure 2, the control sig- 
nal 4 0 remains switched on and the press 12 can continue to be 
operated . 
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Furthermore, the second part 34 measure the time interval 
62 between the pulse edges 54 and 60, and they determine from 
this a second monitoring time period 64, within which the next 
expected pulse edge 66 must occur. The steps are continuously 
repeated. 

By way of example, at the moment in time t 3 the beginning 
of a further monitoring time period 68 is represented. The 
length of this monitoring time period 68 depends on the time 
interval 70 of the two preceding pulse edges. Since the moni- 
toring time period is continuously adapted to the time interval 
of the two preceding pulse edges during monitoring, and conse- 
quently to the interval of the pulses, tne monitoring time 
period 63 is clearly shorter heie than che municoriny time 
period 58. Such a time relationship arises for example when 
running up the press 12 to a maximum number of strokes or in 
the case of a press with a variable number of strokes. 

At the moment in time t 4 , a further monitoring time period 
72 is started as a function of the preceding pulse length. As 
represented in Figure 2, however, the next pulse edge, expected 
by moment in time t 5 , does not occur. This has the consequence 
that the fourth means 38 switch off the control signal 40 in 
failsafe mode, which has the consequence of an immediate, like- 
wise failsafe, shutdown of press 12. The non-occurrence of the 
expected pulse may be caused for example by the chain 24 being 
broken, causing the cam-operated switchgroup 26 to be separated 
from the shaft 16. In this case, which is referred to in tech- 
nical terminology as a shear pin (or shaft) rupture, it is 
possible that the tappet 20 of the press 12 is still moved even 
though a standstill of the press is signaled to the controller 
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12. This dangerous state for an operator is ended with the 
smallest possible reaction time on account of the invention. In 
addition, however, a shutdown of the press 12 also takes place 
in all other cases, in which an expected pulse of the pulse 
train 28 does not occur within the respectively current moni- 
toring time period. 



WHAT IS CLAIMED IS: 



